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Real Party in Interest 

The real party in interest in this appeal is Quest Diagnostics Investments Incorporated, 
which is the assignee of the present application. 

Related Appeals and Interferences 

None. 

Status of Claims 
Claims 1 and 12-13 have been canceled. 

Claims 2-1 1 and 14-22 are pending and under examination in the application. 
Claims 2-1 1 and 14-22 are the subject of this appeal. 

Status of Amendments 

The last claim amendments were presented in Appellant's Amendment and Reply Under 
37 C.F.R. 1 .1 1 1 of January 18, 2007. The claim amendments contained therein have been 
entered, examined, and are appealed herein. No other amendments or submissions are pending 
in the application. 

Summary of Claimed Subject Matter 

The present invention provides methods for monitoring oligonucleotide production 
during an amplification reaction. Specifically, the claimed method uses a two probe system in 
which a first probe contains a fluorophore, a second probe contains a quencher molecule and the 
two probes are capable of hybridizing, causing quenching of the fluorescent signal. A target 
oligonucleotide produced by the amplification reaction, having a sequence complementary to one 
of the probes, competitively hybridizes to that probe causing separation of fluorophore- 
containing probe and the quencher-containing probe. This competitive hybridization results in 
increased fluorescence as the fluorescent signal is no longer quenched. Thus, the change in 
fluorescence over the course of an amplification reaction may be used to monitor the production 
of the target oligonucleotide. 
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Claim 20, the sole pending independent claim, encompasses a method for monitoring 
nucleic acid amplification by amplifying a target nucleic acid in the presence of a first 
oligonucleotide probe comprising a fluorophore and a second oligonucleotide probe comprising 
a quencher molecule, wherein the first and second probes are not equal in length and are cable of 
hybridizing to each other. Amplification of the target nucleic acid is monitored by detecting 
fluorescence during the amplification reaction, wherein an increase in fluorescence correlates 
with target nucleic acid amplification. Support for claim 20 is found in the Specification at page 
2, lines 1-19. 

Claims 14-18 each depend from claim 20 and further require the use of probes and 
primers having the particular nucleotide sequences of SEQ ID NOs: 3, 4, 1, and 2, respectively, 
relating to the hepatitis C virus (HCV). Support for claims 14-1 8 is found in the Specification at 
page 2, lines 1-19 and page 8, Tables II and III. 

Grounds for Rejection to be Reviewed on Appeal 

1. Claims 2-1 1 and 19-22 stand finally rejected under 35 U.S.C. § 103(a) as 
allegedly being obvious over Tyagi et al. (U.S. Patent 6,103,476) in view of Diamond et al. (U.S. 
Patent 4,766,062). 

2. Claims 14-18 stand finally rejected under 35 U.S.C. § 103(a) as allegedly being 
obvious over Tyagi et al. (U.S. Patent 6,103,476) in view of Diamond et al. (U.S. Patent 
4,766,062 and Hiroaki et al. (EP 0461 863). 

Argument 

All pending claims stand rejected for obviousness over the basic combination of Tyagi et 
al. in view of Diamond et al. As discussed in more detail below, the Examiner ignores a clear 
and unequivocal teaching away by Tyagi et al. against the use of bimolecular probes (i.e., two 
individual but complementary probes) for detecting target nucleic acids in amplification 
reactions such as PCR. It is exactly the use of bimolecular probes that makes Applicant's 
claimed invention unobvious. For this and other reasons, the Examiner has engaged in an 
impermissible hindsight reconstruction of Appellant's invention. The Examiner has merely 
pointed to the claim elements in prior art as evidence of obviousness but has failed to 
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demonstrate that the prior art provides a motivation to combine those elements or provides a 
reasonable expectation of success in their combination. Thus, the Examiner has failed to make a 
prima facie case of obviousness. 

L A ppellant's claimed invention. 

The claimed invention is directed to a method for monitoring nucleic acid amplification, 
for example, during PCR. The method requires the use of two probes (i.e., a first probe and a 
second probe) which contain a fluorophore and a quencher molecule, respectively. The 
"bimolecular" probes are capable of hybridizing in a manner that causes fluorescence quenching. 
At least one of the probes is also capable of hybridizing to the target nucleic acid. When this 
latter hybridization occurs, the fluorophore and quencher molecule are spatially separated 
because the two probes are no long hybridized to each other. This results in an increased amount 
of detectable fluorescence that is related to the amount of target nucleic acid present. 

As discussed in more detail below, a key feature of the claimed invention is the use of 
two probe molecules (i.e., a bimolecular probe), each containing either the fluorophore or the 
quencher molecule, as opposed to a single probe molecule (i.e., a unimolecular probe) containing 
both the fluorophore and quencher. 

Z Rejection of claims 2-1 1 and 19-22 under 35 U.S.C. § 103(a). 

Appellant respectfully traverses the final rejection of claims 2-1 1 and 19-22 under 35 
U.S.C. § 103(a) as allegedly being obvious over Tyagi et al. (U.S. Patent 6,103,476) in view of 
Diamond et al. (U.S. Patent 4,766,062). 

The Examiner alleges that Tyagi et al. provide methods for detecting target nucleic acids 
in a variety of assays, including monitoring the progress of an amplification and other reactions. 
Final Office Action mailed March 22, 2007, at p. 2, ^ 3. The Examiner acknowledges that the 
Tyagi probes are different from Appellant's probes. Final Office Action at p. 2, ^ 4 ("Tyagi et al. 
do not disclose the probe, which has the features recited in claims 20, 22, and 3-10."). However, 
the Examiner attempts to remedy this deficiency by relying on teachings of Diamond et al., 
which the Examiner alleges discloses probes having the same features as recited in claims 20, 22, 
and 3-10. Final Office Action at p. 2, If 5. 
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In asserting this rejection, the Examiner misinterprets the teachings of Tyagi et al., as 
they relate to Appellant's claimed invention. Furthermore, by alleging that there is a motivation 
to combine the teachings of Tyagi et al. and Diamond et al., the Examiner ignores Tyagi's clear 
teaching away from the use of bimolecular probes for monitoring a nucleic acid amplification 
reaction, as presently claimed. 

2A Tyagi et al 

Tyagi et al. provide methods for detecting target nucleic acids in a variety of assays, 
including monitoring the progress of an amplification and other reactions. Tyagi et al at col. 3, 
1. 51 through col. 4, 1. 21 . The methods are based on providing a "unitary probe" which contains 
(i) a target complementary region, (ii) an affinity pair flanking the target complementary region, 
and (iii) interactive label moieties. Tyagi et al . at col. 4, 1. 59 through col. 5, 1. 2. The target 
complementary region encodes a nucleotide sequence complementary to the target nucleic acid 
which serves as the basis for target-specific detection. The interactive label moieties (e.g., 
fluorophore and quencher) are pairs of molecules in which one member can alter a physically- 
detectable property of the other member. Tyagi et al . at col. 5. 11. 13-26. The affinity pair (e.g., 
complementary nucleic acid sequences) holds the unitary probe in a "closed conformation" in the 
absence of target nucleic acid such that the interactive label moieties are held is close physical 
proximity, The "open conformation" of the unitary probe occurs in the presence of target nucleic 
acid which disrupts the affinity pair binding, causing physical separation of the interactive label 
moieties. Tyagi et al . at col. 5, 11. 13-63. 

Despite the potentially confusing terminology, Tyagi's "unitary probes" are designed to 
act as a functional unit, and may be unimolecular or bimolecular . Tyagi et al . at col. 4, 11. 59-62. 
In a bimolecular construction, the Tyagi probes consists of a pair of oligonucleotides, each 
containing a different target complementary sequence and an "arm" portion complementary to 
the arm portion of the other oligonucleotide. Tyagi et al . at col. 5, 11. 2-4. Together, 
hybridization of the arm portions form a stem which holds the fluorophore and quencher in close 
proximity, sufficient for quenching. Tyagi et al . at col. 6, 11. 20-26, col. 9, 11. 59-65, and Figure 
1 . The interactive label moieties are separated when one or both of the target complementary 
regions (i.e., probes) is bound to the target nucleic acid. 
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2.2 Diamond et al. 

The Examiner acknowledges that the biomolecular probes of Tyagi et al are not identical 
to those required in Appellant's claimed method. Specifically, the Examiner acknowledges that 
the Tyagi probes are the same as Appellant's probes except that Tyagi et al. do not disclose 
probes of unequal length. For this, the Examiner turns to Diamond et al. which disclose 
bimolecular probes of various lengths. Appellent does not disagree with this characterization of 
Diamond et al. 

2.3 Tyagi et al. teaches away from the use of bimolecular probes in amplification 
reactions. 

According to Tyagi et al., the choice of whether to use unimolecular or bimolecular probe 
depends upon the particular conditions under which the target nucleic acid is to be detected. 
Here, Tyagi et al. are very clear. 

[F]or assays that include a step or steps that may separate the 
affinity pair in a target-independent manner, only unimolecular 
probes are suitable . 

Tyagi et al . at col. 6, 11. 32-34 (emphasis added). 
Tyagi et al. elaborates on the prohibition against the use of bimolecular probes: 

Bimolecular probes, as stated above, are not suitable for use in any 
reaction, e.g., PCR , in which the affinity pair would be separated in 
a target-independent manner. 

Tyagi et al . at col. 6, 1. 67 through col. 5, 1. 3 (emphasis added). . 

On the desirability of using unimolecular probes for amplification reactions including 
PCR, Tyagi et al. teach: 

Unimolecular probes with interactive labels according to the 
invention are particularly useful in assays for tracking polymerase 
chain reactions , since the probes according to this invention can 
open and close with a speed that is faster than the speed of thermal 
cycling. 

Tyagi et al. at col. 22, 1. 66 through col. 23, 1. 3 (emphasis added). 
See , also , Tyagi et al . at col. 20, 11. 47-49. 

8 

DLMR 327185.2 



PATENT 
054769-2001 



Tyagi et al. provide a sound scientific rationale supporting their admonition against the 
use of bimolecular probes in amplification reactions. Tyagi et al. teach: 

These strand displacement probe complexes have drawbacks. The 
mechanisms is two-step, in that the probe complex must first bind 
to the target and then strand-displacement, via branch migration, 
must occur before a target is recognized and a signal is generated. 
Bimolecular probe complexes are not reported to form with high 
efficiency, resulting in probe preparations wherein the majority of 
the target binding regions may not be annealed to a labeled strand . 
This may lead to competition between label-bearing and label-free 
target binding regions for the same target sequence... Moreover, 
the displaced labeled strand may need to be separated from the 
unhybridized probe complexes before a signal may be detected. 

Tyagi et al . at col. 3, 11. 1 1-24 (emphasis added). 

Thus, the teachings of Tyagi et al. are clear: bimolecular probes should not be used in 
assays, such as PCR , in which the probes may be separated in the absence of target nucleic acid. 
This is a clear teaching away from Appellant's claimed method because, as discussed above, the 
claimed method requires the use of bimolecular probes for monitoring an amplification reaction. 

2.4 The Examiner has failed to make a prima facie case of obviousness. 

An invention is unpatentable as obvious if the differences between the patented subject 
matter and the prior art would have been obvious at the time of invention to a person of ordinary 
skill in the art. Rejections on obviousness grounds cannot be sustained by mere conclusory 
statements; instead, there must be some articulated reasoning with some rational underpinning to 
support the legal conclusion of obviousness. KSR Int'l Co. v. Teleflex Inc. , 127 S.Ct. 1727, 
1741 (2007) (quoting In re Kahn , 441 F.3d 977, 988, 78 U.S.P.Q.2d 1329, 1336 (Fed. Cir. 
2006)). Thus, in order to establish a prima facie case of obviousness, it is necessary for the 
Examiner to identify the reasons why a person of ordinary skill in the art would have combined 
the prior art elements in the manner claimed. The proper analysis when determining obviousness 
includes consideration of the scope and content of the prior art; the level of ordinary skill in the 
prior art; the differences between the claimed invention and the prior art; and objective evidence 
of nonobviousness. KSR at 1734, citing Graham v. John Deere Co. of Kansas City , 383 U.S. 1, 
86 S.Ct. 684(1966). 
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In asserting this rejection, the Examiner concludes that it is prima facie obvious to use 
Diamond's bimolecular probes of unequal length in the method of Tyagi et al. to monitor 
amplification reactions. Final Office Action at p. 3, ^ 1. However, the Examiner has failed to 
substantively address the teaching away by Tyagi et al. The Examiner's sole rationale for 
ignoring Tyagi 's clear admonition against the use of bimolecular probes for monitoring 
amplification reactions is merely that the probes of Tyagi et al. and Diamond et al. are different. 
Final Office Action at paragraph bridging pp. 3-4. The Examiner fails to identify the specific 
difference or how it serves to refute Tyagi's clear teachings. The Examiner states: 

[T]he physiochemical rational discussed by Tyagi et al. (See colum 
3, lines 1 1-18) is not applicable to the bimolecular probe disclosed 
by Tyagi et al. because the bimolecular probe as discussed in 
column 3, lines 11-18 is different from the probes disclosed by 
Tyagi et al . 

Final Office Action at paragraph bridging pp. 3-4 (emphasis 
added). 

Appellant assumes that the Examiner meant to state that the bimolecular probe as 
disclosed by Tyagi et al. at col. 3, 11. 1 1-18 is different from the probes disclosed by Diamond et 
al. This argument is clearly specious. As noted above, the Examiner's sole alleged distinction 
between the probes of Tyagi et al. and those of Diamond et al. and Appellant is that the 
bimolecular probes of Diamond et al. and Appellant have unequal length, whereas Tyagi et al. 
provides bimolecular probes having the same length. The Examiner has failed to explain why a 
mere difference in probe length renders Tyagi's prohibition against the use of bimolecular probes 
invalid. 

A prima facie case of obviousness has not been made. Although the Examiner has 
managed to point to each of the elements of Appellant's claimed invention, the Examiner has 
failed to demonstrate that the cited prior art provides a motivation to combine those elements in a 
manner that results in the claimed invention, and the Examiner has failed to demonstrate that the 
prior art provides a reasonable expectation of success. This rejection is founded solely on 
conclusory statements, devoid of sound reasoning or a rational underpinning. 
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The primary flaw in this rejection is the Examiner's refusal to acknowledge and 
substantively address Tyagi's teaching away from the use of bimolecular probes to detect target 
nucleic acids in amplification reactions. Such a teaching away cannot be ignored. The Federal 
Circuit has mandated that, when considering the scope and content of the prior art, it is necessary 
to consider the entire teachings of a prior art reference, not just selected pieces to support an 
obviousness rejection. In re Fritch , 972 F.2d 1260, 1264, 23 USPQ2d 1780 (Fed. Cir. 
1992)("[A] prior art reference is relevant for all that it teaches to those of ordinary skill in the 
art."). "It is impermissible within the framework of section 103 to pick and choose from any one 
reference only so much of it as will support a given position to the exclusion of other parts 
necessary to the full appreciation of what such reference fairly suggests to one skilled in the art/ 5 
Bausch & Lomb, Inc. v. Barnes-Hind/Hydrocurve, Inc. , 796 F.2d 443, 448, 230 USPQ 416 (Fed. 
Cir. 1986), quoting In re Wesslau . 353 F.2d 238, 241, 147 USPQ 391, 393 (CCPA 1965). 
Furthermore, "[a] prima facie case of obviousness can be rebutted if the applicant. . . can show 
'that the art in any material respect taught away' from the claimed invention." In re Haruna , 249 
F.3d 1327, 1335, 58 USPQ2d 1517 (Fed. Cir. 2001), citing In re Geisler , 116 F.3d 1465, 1469, 
43 USPQ2d 1362, 1365 (Fed. Cir. 1997), In re Malagari , 499 F.2d 1297, 1303, 182 USPQ 549, 
553 (CCPA 1974). 

In sum, Appellant has surprisingly discovered that bimolecular probes are effective for 
monitoring amplification reactions. This discovery is in sharp contrast to the expectation of 
Tyagi et al. who specifically and repeatedly teach away from such a method. The Examiner has 
failed to make a prima facie case of obviousness because the cited prior art provides no 
motivation to make Appellant's claimed method and provides no reasonable expectation that 
such a method would be successful. The Examiner has presented no evidence or convincing 
rationale to refute Tyagi's teachings sufficient to render Appellant's claimed invention obvious. 
The rejection of claims 2-1 1 and 19-22 is traverse and should be withdrawn. 

3. Rejection of claims 14-18 under 35 U.S.C. § 103(a). 

Claims 14-18 stand finally rejected under 35 U.S.C. § 103(a) as allegedly being obvious 
over Tyagi et al. (U.S. Patent 6,103,476) in view of Diamond et al. (U.S. Patent 4,766,062) and 
Hiroaki et al. (EP 0461863). The Examiner applies Tyagi et al. and Diamond et al. as discussed 
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above and acknowledged that these references do not teach hepatitis C virus (HCV) 
polynucleotide probes having the sequence of SEQ ID NOs: 3 and 4, or HCV polynucleotide 
primers having the sequence of SEQ ID NOs: 1 and 2. For these polynucleotides, the Examiner 
turns to Hiroaki et al. which discloses a portion of the 5'- noncoding region of HCV. The 
Examiner concludes that it would have been prima facie obvious to use probes of SEQ ID NOs: 
3 and 4 and primers of SEQ ID NOs: 1 and 2, as found contained within the sequences of 
Hiroaki et al., in combination with the combined method of Tyagi et al. and Diamond et al., as 
discussed above. Appellant respectfully traverses this rejection. 

Claims 14-18 depend from claim 20. As discussed above, claim 20 is unobvious over the 
combination of Tyagi et al. and Diamond et al. The claimed method requires the use of two 
separate probe molecules (i.e., a bimolecular probe) for monitoring amplification reactions. 
Tyagi et al. provides repeated and strong teachings away from the use of bimolecular probes for 
this purpose. As discussed above, Diamond et al. is applied by the Examiner to teach 
bimolecular probes having unequal lengths, but does not refute the teaching away provided by 
Tyagi et al.. Hiroaki et al. is applied only for the purpose of providing HCV-specific 
polynucleotides. Thus, Hiroaki does nothing to remedy this deficiency in the Examiner's prima 
facie case. For this reason alone, the rejection of claims 14-18 is traversed and should be 
withdrawn. 

Conclusion 

For the reasons discussed above, Appellant respectfully submits that claims 2-1 1 and 14- 
22 are in condition for allowance, and respectfully request that the rejections be withdrawn or 
reversed, and that the claims be allowed to issue. 

Respectfully submitted, 



Date: 





FOLEY & LARDNER 
P.O. Box 80278 



San Diego, CA 92138-0278 



Richard J. Warburg. Reg. No. 32,327 
By Barry Wilson, Reg. No. 39,431 
Attorneys for Applicant 



(858) 847-6700 (Voice) 
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Appendix A: Claims Appendix 

1. (Cancelled). 

2. (Previously presented) The method of claim 20 wherein the amplification is carried 
out using a thermostable nucleic acid polymerase. 

3. (Previously presented) The method of claim 20 wherein the fluorophore on the first 
probe and the quencher molecule on the second probe are on complementary base pairs. 

4. (Previously presented) The method of claim 20 wherein the fluorophore and quencher 
molecules are within about 1 to 3 hybridized base pairs of each other. 

5. (Previously presented) The method of claim 20 wherein the fluorophore and quencher 
molecules are within 3 or more hybridized base pairs of each other. 

6. (Previously presented) The method of claim 20 wherein the fluorophore is on the 5' 
terminal nucleotide of the first probe and the quencher is on the 3' terminal nucleotide of the 
second probe. 

7. (Previously presented) The method of claim 20 wherein the fluorophore is on the 3' 
terminal nucleotide of the first probe and the quencher is on the 5' terminal nucleotide of the 
second probe. 

8. (Previously presented) The method of claim 20 wherein the second probe is shorter 
than the first probe by deletion of 3 or 3 ' terminal nucleotides from the nucleotide sequence of 
the first probe. 

9. (Previously presented) The method of claim 20 wherein the second probe is shorter 
than the first probe by deletion of 3 or more 3 ' terminal nucleotides from the nucleotide sequence 
of the first probe. 

10. (Previously presented) The method of claim 20 wherein the second probe is shorter 
than the first probe by deletion of 3 or more 5' terminal nucleotides, and deletion of 1 or more 3' 
terminal nucleotides of the first probe. 
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1 1 . (Previously presented) The method of claim 20 wherein the first and second probes 
have a dissociation temperature difference of 2 degrees or more. 

12-13. (Cancelled). 

14. (Previously presented) The method of claim 20 wherein the first probe has the 
sequence of SEQ ID NO. 3. 

15. (Previously presented) The method of claim 20 wherein the first probe has the 
sequence of SEQ ID NO. 4. 

16. (Previously presented) The method of claim 20 wherein the amplification method is 
the polymerase chain reaction and wherein a primer for use in the polymerase chain reaction has 
the sequence of SEQ ID NO. 1 . 

17. (Previously presented) The method of claim 20 wherein the amplification method is 
the polymerase chain reaction and wherein a primer for use in the polymerase chain reaction has 
the sequence of SEQ ID NO. 2. 

18. (Previously presented) The method of claim 20 wherein the target polynucleotide is 
a polynucleotide comprising the hepatitis C virus genome or segment thereof. 

19. (Previously presented) The method of claim 20 wherein the method of amplification 
is selected from the group consisting of ligase chain reaction, gap ligase chain reaction, 
transcription mediated amplification, nucleic acid sequence based amplification and strand 
displacement amplification. 

20. (Previously presented) A method for monitoring nucleic acid amplification 
comprising: 

amplifying a target nucleic acid and monitoring said target nucleic acid during said 
amplification using a first oligonucleotide probe and a second oligonucleotide probe, 
said first probe; 

i) hybridizes to said target nucleic acid; 

ii) comprises a fluorophore; and * 
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iii) is not equal in length to said second probe; 
said second probe; 

i) hybridizes to said first probe; and 

ii) has a quencher molecule which quenches said first probe fluorophore when said 

first and second probes are hybridized to each other; and 
detecting fluorescence of said first probe fluorophore to monitor amplification, wherein an 
increase in fluorescence correlates with amplification. 

21 . (Previously presented) The method of claim 20 wherein the amplification method 
includes the use of a primer pair that flanks the first and second probe. 

22. (Previously presented) The method of claim 20 wherein the longer probe binds 
preferentially to the target polynucleotide and when preferentially bound to the target 
polynucleotide the fluorescence intensity of the fluorophore is greater than the fluorescence 
intensity of the fluorophore when hybridized to the second probe. 
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Appendix B: Evidence Appendix 

1 . Diamond et al, U.S. Patent 4,766,062. 

2. Hiroaki et al., European Patent Publication EP 0461863. 

3. Tyagi et al., U.S. Patent 6,103,476. 
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Appendix C: Related Proceedings Appendix 



None. 
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Introduction to the Invention 

The present invention concerns high-fidelity detection of non-A, non-B hepatitis virus (hereinafter called 
NANB hepatitis virus) and oligonucleotide primers used in a detection system for detecting NANB hepatitis 
5 virus. 

Viral hepatitis of which DNA and RNA have been elucidated include hepatitis A, hepatitis B, hepatitis D 
and hepatitis E. However, in spite of great efforts by scientists the world over, the causative virus of NANB 
hepatitis (which is mainly caused by blood bourne infection) falls in none of the above groups and has not been 
isolated. 

10 In 1988, Chiron Corp. reported that it had succeeded in cloning the RNA virus genome of the causative 
agent of NANB hepatitis (which it termed hepatitis C virus (hereinafter called HCV)) and disclosed part of the ' 
nucleotide sequence of HCV. HCV antibody detection systems based on that sequence are now being intro- 
duced for screening of blood for transfusion and for diagnosis of patients. 

However, the nucleotide sequence disclosed by Chiron Corp. was only part of the NANB hepatitis viral 

15 genome. Moreover, it was part of a sequence of relatively little importance. HCV antibody detection systems 
developed on the basis of that sequence, therefore, fail to provide both sufficient sensitivity and specificity for 
NANB hepatitis virus and for therapy and prognosis of acute and chronic NANB hepatitis, although such sys- 
tems have proven their partial association with NANB hepatitis. 

More than 95% of posttransfusion hepatitis cases in Japan are NANB hepatitis. There are 280,000 annual 

20 estimated cases of this disease. The course of NANB hepatitis Is troublesome, with most patients becoming 
carriers who develop chronic hepatitis. In addition, those patients with chronic hepatitis develop liver cirrhosis 
and then hepatocellular carcinoma at a fairly high rate over 10 to 20 years. Therefore it is imperative to isolate 
the virus itself and to develop effective diagnostic reagents enabling earlier diagnosis. 

As described earlier, there are significant numbers of patients with acute or chronic NANB hepatitis which 

25 can not be diagnosed by the detection systems using Chiron's HCV antibody. For accurate diagnosis of these 
cases of hepatitis, detection systems for the virus based on elucidation of the viral agent at its gene level is 
required. 

Summary of the Invention 

30 

An object of the present invention is to provide a highly sensitive detection system for NANB hepatitis virus 
at its gene level and oligonucleotide primers used for such system. 

Brief Description of the Drawing 

35 

Figure 1 shows determination method of nucleotide sequences of NANB hepatitis viral RNA. 

Detailed Description of the Invention 

40 For the purpose of elucidation of the NANB hepatitis viral gene, the inventors isolated NANB hepatitis viral 
RNA from human and chimpanzee carrier sera and determined the nucleotide sequence of the 5' terminus by 
cloning its cDNA As a result, the inventors identified that for two different strains the RNA genome had a 5' 
noncodlng region having a sequence of at least 324 nucleotides. This sequence had not been disclosed by 
Chiron and is totally novel. It was also determined that the nucleotide sequence in this region was highly con- 
45 served among different strains. For example, the RNA of strains HC-J1 and HC-J4 (used for the determination 
of the nucleotide sequence) differed from each other by only three nucleotides. 

On the other hand, large differences (or mutations) in nucleotides were identified in other regions of NANB 
hepatitis viral RNA. When this fact is taken into consideration, it is amazing that the nucleotide sequence is 
conserved so well in the 5' noncoding region. It was further determined that there were few differences in the 
50 nucleotide sequence in the upstream part of the structural gene following the noncoding region. Based on these 
findings, the inventors discovered that use of oligonucleotide primers derived from these regions would detect, 
with high sensitivity, NANB hepatitis RNA irrespective of the strain. 

The present invention, therefore, concerns a NANB hepatitis virus detection system using oligonucleotide 
primers having nucleotide sequences corresponding to part of the 5' noncoding region of the viral RNA and/or 
55 part of the 5' side of the region coding for the structural protein of the virus. 

The primers may contain from about 15 to about 25 nucleotides, preferably 20. 
Abbreviations used in this invention are as follows: for RNA, A, G, C and U stand for adenine, guanine, 
cytosine and uracil respectively; for DNA, A, G v and C indicate the same bases as in RNA and T stands for 
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thymine; for polypeptides A, R, N, D, C, E, Q, G ( H, I, L, K, M, F, P, S, T, W, Y and V are respectively the amino 
acids of alanine, arginine, asparaglne, aspartic acid, cysteine, glutamic acid, glutamlne, glycine, histidlne, Iso- 
leucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and valine. 

The Inventors have Identified that the 5' noncoding region has the following nucleotide sequence (HC-J1 
strain): 

CCCCACACTC CACCATACAT 
CACTCCCCTC TCACCAACTA 
CTCTCTTCAC CCACAAACCC 
TCTACCCATC CCCTTACTAT 
CACTCTCCTC CACCCTCCAG100 
CACCCCCCCT CCCCGCACAC 
CCATACTCCT CTLCCCAACC 
CCTCACTACA CCCCAATTCC 
CAGCACGACC CCCTCCTTTC 
TTCCATAAAC CCCCTCAATC 200 
CCTCCACATT TCCCCCCCCC 
CCCGCAACAC TGCTAGCCGA 
GTAGTGTTCG CTCGCCAAAG 
CCCTTCTGCT ACTCCCTGAT 
30 AGCGTGCTTG CGAGTCCCCC300 

GGGAGGTCTC CTACA'CCGTC 
C A C C 

35 

The inventors have further determined that the remaining sequence of the 5' noncoding region of the HGJ4 
strain is identical to that of H C-J 1 (except for the 1 87th nucleotide A which is re placed by C, the 2 1 7th nucleotide 
C which is replaced by T, and the 226th nucleotide A which is replaced by G). The inventors subsequently 
developed the highly sensitive detection system for NANB hepatitis vims using oligonucleotide primers corre- 
40 sponding to part of the 5' noncoding region of NANB hepatitis vims. Therefore, any oligonucleotide primer 
belonging to this defined region of HCV genome may be included in this invention, though replacement of one 
or more nucleotides is also Included. 

The inventors have also identified that the upstream region coding for the structural protein of the virus 
following the aforementioned 5' noncoding region was well conserved among the strains. There were only a 
45 few differences between the strains. Nucleotide sequences corresponding to part of that region, used as prim- 
ers, can detect NANB hepatitis virus with high sensitivity. 

The upstream region of the structural gene of the NANB hepatitis virus has the following nucleotide sequ- 
ence (for the HC-J1 strain): 
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ATC AC C 
AACCTCAAAC 
CCTAACACCA 
ACACCACCTC 
CT-GGCCGTCA 
GGACTTTACT 
CACCCCCCCT 
TGCGCGCGAC 
TCCCAGCGCT 
AGGTAGACCT 
CCAAGCTGCC 
GCCAGGACCT 
CGCCTACCCT 
ATGG C AATC A 
TGGGCGGGAT 
TCCCCGTGGC 

GTTCGCGCCC 
CCCCGTAGGT 
GGGTAAGGTC 
TCACCTGCCC 
CTCATCCCGT 
CCTCGGCGCC 
GCCCTGCCAC 
CATGGCGTCC 
ACACGGCGTG 
CAGGCAACCT 
TCTTTCTCTA 



ACGATTCCCA 

AAAAACCAAA 

ACCGTCGCCC 

AAGTTCCCGG 400 

GATCGTTCGT 

TGTTGCCCCC 

AGATTGGGTG 

GAGGAAGACT 

CGCAACCTCGSO0 

CAGCCTATCC 

TCGCCCCCAG 

GCCCTCACCC 

TCCCCCCTCT 

GGGCTGCGGG 600 

GGCTCCTCTC 

TCTCGGCCTA 

CACGGACCCC 

CGCGCAATTT 

ATCGATACC C700 

CTTCCCCGAC 

AC.ATACCCCT 

CCTCTTGGAG 

CGCCCTGGCC 

CGCTTCTGG A800 

AA CTATG C A A 

TCCTGGTTGC 

TCTTCCTTCT 



Except for the following differences, the upstream region of strain HC-J4 has the same nucleotide sequence 
HC-J1 (numbers in parenthesis show respective differences in the sequence from the 5' noncoding region): 
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As far as oligonucleotide corresponding to part of the upstream region of the structural gene of the virus 
15 is concerned, also included are nucleotide sequences with a small number of nucleotides different from strains 
HC-J1 and HC-J4. 

This invention includes detection of NANB hepatitis virus by amplification of cDNA of the viral RIMA by 

Polymerase Chain Reaction (hereinafter called PCR) using oligonucleotide primers disclosed herein. PCR is 

a method well known in this art 
20 Under optimum conditions, using the product of the first amplification of cDNA by PCR as a template, a 

second amplification by PCR is carried out In the second PCR amplification, a pair of primers that can be 

annealed inside the first pair of primers is used. 

The present invention includes oligonucleotide primers used In the above described detection system. This 

Invention also Includes creation of oligonucleotide primers having nucleotide sequences corresponding to part 
25 of the 5' noncoding region of NANB hepatitis viral RNA genome (having at least 324 nucleotides), and creation 

of oligonucleotide primers having nucleotide sequences specific to part of the 5' region coding for the structural 

protein of the virus. 

The following primers are particularly preferable (numbers in parenthesis show positions in sequence from 
the 5' noncoding region): 

30 
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40 When the above primers are in use in PCR, combined use (e.g., of #23 and #25, #32 and #36, or #33 and 
#48) can enhance the effect of PCR. 

This invention also covers NANB hepatitis virus detection systems (e.g., PCR) using the above oligonuc- 
leotide primers. 

Examples of application of this invention are shown below. However, this invention shall In no way be limited 
45 to those examples. 

Examples 

Example 1 * Determination of the nucleotide sequence of the 5' terminus of NANB hepatitis virus: 

60 

(1) Isolation of RNA 

RNA was isolated by the method described below from a plasma sample (HC-J1) of a Japanese blood 
donor who tested positive for HCV antibody and a sample (HC-J4) from a chimpanzee challenged with NANB 
55 hepatitis for infectivity but which tested negative for HCV antibody by Ortho HCV Ab ELISA Test (Ortho Diag- 
nostic Systems, Tokyo, Japan). 

1 .8 ml of each of the plasma samples was added with 1 ml of Trts chloride buffer (1 OmM, pH 8.0) and cen- 
trrfuged at 68 x 1 0 3 rpm for 1 hour. The precipitate was suspended in Tris chloride buffer (50 mM, pH 8.0) con- 
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taining 200 mM NaCI, 10 mM EDTA, 2% (w/v) sodium dodecyl sulfate (SDS) and proteinase K (1 mg/ml), incu- 
bated at 60°C for 1 hour, then extracted by phenol/chloroform and precipitated by ethanoJ to obtain RNAs. 

(2) cDNA synthesis 

5 

RNA isolated from HC-J1 plasma was incubated at 70 Q C for 1 minute and used a template. 10 units of 
reverse transcriptase (cDNA Synthesis Plus, Amersham Japan) and 20 pmol of oligonucleotide primer (20 mer) 
were added and incubated at 42 Q C for 1.5 hours to obtain cDNA. Primer #8 (5'- GATGCTTGCGGAA 
GCAATCA-3') was prepared by referring to the base sequence shown in figure 47-1 (sequence position 
10 401 to 420) of the European Patent Application No. 88310922.5 (the entire application (now European Patent 
No. 0,318,216) is incorporated by reference). 

(3) cDNA was amplified by the following Polymerase Chain Reaction (PCR). 

is cDNA was amplified for 35 cycles according to Saikfe method (Science 239. 487-491 (1988)), incorporated 
by reference in its entirety, using Gene Amp DNA Amplifier Reagent (Perkin-Elmer Cetus) on a DNA Thermal 
Cycler (Perkin-Elmer Cetus). 

(4) Determination of nucleotide sequence by assembling cDNA clones. 

20 

As shown in Figure 1, the nucleotide sequence of the 5' termini of the genomes of strains HC-J1 and HC-J4 
were determined by combined analysis of clones obtained from the cDNA library constructed In bacteriophage 
lambda gt1 0 and clones obtained by amplification of HCV specific cDNA by PCR. Figure 1 shows the 5' terminal 
sequence of NANB hepatitis virus genome together with cleavage sites of restriction endonucleases and sequ- 
25 ences of primers used. In Figure 1, solid lines are nucleotide sequences determined by clones from bac- 
teriophage lambda gt10 library while dotted lines show sequences determined by clones obtained by PCR. 

The 1 656 nucleotide sequence of HC-J1 , spanning nt437-2092, was determined by the clone 041 obtained 
by inserting the cDNA synthesized with the primer #8 into bacteriophage lambda gtl 0 (Amersham). 

Primer #25 (5' - T C C C T G T T G C A T A G T T C A C G - 3') of nt 807 - 826 was synthesized based 
30 on that 041 sequence, and 4 clones (06O, 061, 066 and 075) were obtained to cover the upstream sequence 
nt1 - 826. 

The upstream sequence of strain HC-J1 was determined by clones obtained by PCR using primers #44 
(5'-GGCGACACTCCACCATAGAT-3') and #25 (5'-TCCCTGTTGCATAGTTCACG 
-30- 

35 The downstream sequence of 1163 nucleotides, from nt721 up to 1883, of strain HC-J4 was determined 
by 3 clones (C2821 , C31 73 and C31 92) by PCR using primers #30(5'-CTCATGGGGTACATTCC 
GCT-3') and#42(5'-TCGGTCGTCCCCACCACAAC-3'). 

From the analysis described above, nucleotide sequences of the 5' termini of the genomes of strains HC-J1 
and HC-J4 were determined as shown below. 

40 The nucleotide sequence of the genome of strain HC-J1 is shown in line (a) and that of strain HC-J4 in line 
(b), the latter showing only differing nucleotides vis a vis (a). Noncoding region nt1 - 324 is shown in small letters. 
nt325 - 1863 is a region coding forvarious protein starting with initiation codon ATG and is shown in capital 
letters (the nucleotide sequence in the aforementioned European Patent Application started only with the 
1673th nucleotide, and missed the upstream sequence which is originally revealed in this invention): 

45 
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(a) ggcgacactc caccalagat 

(b) 

cactcccctg tgaggaacla 

clgtctlcac gcagaaagcg 

Lctagccalg gcgllagtal 

gaglgtcglg cagcclccaglOO 

gacccccccL cccgggagag 

ccaLagtggl ctgcggaacc 

ggtgagLaca ccggaaligc 

caggacgacc gggiccltlc 

LCggalaaac ccgclcaatgZOO 

c 

cclggagatl cgggcgcgcc 
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cccgca.agac tgclagccga 

g 

S t a g t g t I g g gtcgcgaaag 

gccttgtggt actgcctgat 

agggtgcltg cgagtgcccc300 

Kggaggtctc gtagaccgtg 

caccATCACC ACCATTCCCA 

A T _ 

AACCTCAAAC AAAAACCAAA 

CCTAACACCA ACCCTCCCCC 
c 

ACACCACCTC AACTTCCCCC 400 

CTCCCCCTCA CATCCTTCCT 
-C--T 

CCACTTTACT TCTTCCCCCC 
c 

CACCCCCCCT ACATTCCCTC 
c .. c 

TCCCCCCCAC CAGCAACACT 

TCCCACCCCT CCCAACCTC C500 

ACCTAGACCT CAGCCTATCC 
T--AT-C--A --A 
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CCAACCTCCC TCCCCCCCAC 

CCCACCACCT CCCCTCACCC 

C 

CCCCTACCCT TCCCCCCTCT 

ATCCCAATCA CCCCTCCCC CSOO 

TCCCCCCCAT CCCTCCTCTC 

A 

TCCCCCTCCC TCTCCCCCTA 

CTTCCCCCCC CACCCACCCC 

CCCCCTACCT CCCCCAATTT 

T - - C - - 

CCCTAACCTC ATCCATAC CC 700 

TCACCTCCCC CTTCCCCCAC 

CTCATCCCCT ACATACCCCT 

CCTCCCCCCC CCTCTTCCAC 

--C--A--G- 

CCCCTCCCAC CCCCCTCCCC 

CATCGCCTCC CCCTTCTCG A 800 

ACACCCCCTC AACTATCCAA 
C 
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CACCCAACCT TCCTCCTTCC 

TCTTTCTCTA TCTTCCTTCT 

C T - 

CCCCCTCCTC TCTTCCCTCA 

TT C --C--TT 

CTCTCCCCCC TTCACCCTAC 900 

-CA-C A C T T 

CAACTCCCCA ACTCCACACC 

C CTCT-C 

CCTTTATCAT CTCACCAATC 

-A-A C C C - 

ATTCCCCTAA CTCCACTATT 

-C T-C-- A--C 

CTCTACCACC CCCAtCATCC 

T -ACCC CAT 

CATCCTCCAT A C T C C C C C C T 1000 

C A C 

CTCTCCCTTC CCTTCCCCAC 

-C--C--C-- c 

CCCAACCTCT CCACCTCTTC 

-A AC-- -CC-T--C-- 

CCTCCCCATC ACCCCCACCC 

A C-C --T c 

TACCCACCAC CCACCCCAAA 

-C CC -a-T-C CC 

CTCCCCCCCA CCCACCTTCCllOO 

C A-T- ACAA-A 

ACCTCACATC CATCTCCTTC 
C C - - C T C - 
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TCCCCACCCC CACCCTCTCT 

-T C C C TC-TT C 

TCCCCCCTCT ACCTCCCCCA 

C--TA-G- 

TCTCTCCCCC TCCCTCTTCC 

C A --T--T 

TTATTCCTCA A C T C T T T A C C 1200 

-CG-'CTCC C C 

TTCTCTCCCA CCCCCCACTC 

G T C -C--C--TCA 

CACAACCCAA CCCTCCAATT 

CT C -A C- . 

GTTCTATCTA CCCCGGCCAT 

-C A T 

ATAACGCGTC ATCGCATGGC 

T--T-A -C 

ATGGGATATG A T G A T C A A C T 1300 

T 

GGTCCCCTAC GGCGCCGTTG 

A AA-A CC-A 

GTAATGGCTC AGCTGCTCCG 

GG T — G— - - T 

GATCCCACAA GCCATCTTGG 

T G G 

ATATGATCGC TGGTCCTCAC 

-C C-C-- G--G--C 

TCGGGAGTCC T G G C G C G C A T 1400 
C - 

AGCGTATTTC TCCATGGTGC 

T C C-AT A - 
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GCAACTGGGC 



CTACTCCTCT 

A-T CC-C 

CCCCCTCCAC 
- T 

TCCTCTCCCC 

A-ACC C 

CCCCCCCCCA 

AC A -A 

TCTTACTCTC 

C-CCTCC 

CCCCTAACCA 

— G CTCT 

CTCATCAACA 

TG-.G T- 

TTGCCACATC 
C 

CCTTCAACTG 
C — A 

CTTAACACCG 

C C T - 

ACGGCTTATC 

C-C G T 

AATTCAACTC 
GC 

CCCGAGAGGT 

--G C-CA 

CCCACCCCTT 
C-C-A-- 



GAAGGTCCTG 

T 

TGCTGTTTGC 

-A C--C-- 

GCGGAAACCA 

-G G T 

GGGACAAGCC 1S00 

GGCG 

TCTCTCCACT 

CC CACG 

TTCACACCAG 

T T - 

GAACATCCAG 

G A 

CCAACGGCAG 

AATAGCACGG 1600 

--C--G--T- 

CAATGAAAGC 

CTC- 

GCTCGTTACC 

— G-TCC— T 

TATCAACACA 
CAC 

TTCCGGCTGT 
G--C--G--C 
TGGCCAGCTC 1700 



ACCGATTTTG 
GA-TCC C- 
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ACCACCCCTC CCCCCCTATC 

c C--- 

AGTCATCCCA ACCCAACCGC 

— C CT A-TC -GCCTCA-A- 

CCCCCACCAA CCCCCCTATT 
C - - T - - C A-C--T 



CTTCCCACTA CCCCCCAAAA 1800 

- C T-- — C-C TCC- 

w CCTTCCCCTA TCCTCCCCCC 



AAACAC C CT A TCTCC.CCCCC 

20 CT C-C AC C T--A- 

TATATTCCTT CACTCCCACC 

- C C--A 

25 C C C 1863 

- - T 

For the gene region (nt325 - 1863) of strains HC-J1 and HC-J4, the sequences of 513 amino acids encoded 
30 were determined and homology, amino adds components and hydrophiliclty of the amino acids between the 
two strains were studied. As a result, region nt325-864 was considered to be coding for the NANB hepatitis 
virus core proteins. Mutations or differences in the nucleotide sequence in this region were relatively smaller 
than in other coding regions and approximately 80% of the nucleotide mutations or differences identified were 
not accompanied by a change in amino acid sequence. Together with the nucleotide sequence of the 5' non- 
35 coding region already described above, the sequences of the structural gene region were also helpful in choos- 
ing appropriate nucleotide sequences of oligonucleotide primers used for the detection system in this invention. 
The envelope proteins is considered to be encoded by nucleotides 865-1476 and nonstructural proteins 
encoded by nucleotides 1477 and above. 

The inventors have also identified that among oligonucleotide primers for the core region, the primer #25 
40 (nt807 - 826), which has the least mutations or differences, is the best for the detection system of this invention. 

Example 2 - Synthesis or primers and the establishment of the detection system based on the 5' noncoding 
region and the core protein coding region. 



45 (1 ) Synthesis of oligonucleotide primers. 



Oligonucleotide primers (20 mer) were synthesized based on the 5 r noncoding region sequences and the 
core protein coding region of strains HC-J1 and HC-J4 determined in Example 1 . Oligonucleotide primer of HCV 
was also synthesized according to the nucleotide sequence disclosed in the European Patent Application No. 
so 88310922.5 previously described. The model 3808 DNA Synthesizer (Applied Biosystems Japan) was used 
for such synthesis. 

The number of primers synthesized were 20 (#3, 4, 5, 6, 9, 10, 11, 12, 16, 17, 21, 22, 23, 25, 32, 33, 34, 
35, 36 and 48), and the position from the 5' terminus and nucleotide sequence for each of them is shown in 
Table 1. 

55 

(2) Isolation of NANB hepatitis viral RNAfrom a sample. 



1 ml of a plasma sample was centrifuged on a model TL-100 (Beckman) ultracentrrfuge at 9 x 10* rpmfor 
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15 minutes and the precipitate thus obtained was suspended in buffer (containing 200 mM NaCI, 1 0 mM EDTA, 
2% (w/v) sodium dodecyl sulfate (SDS) and proteinase K (1 mg/mJ)) for incubation at 60°C for 1 hour. 

Nucleic acids were extracted twice by using the same volume of phenol/chloroform and precipitated In 
ethanol at -20°C for over 3 hours. The precipitate was suspended in 70% ethanol for centrifugation and the 
5 precipitate was dissolved in 5 nl of distilled water after lyophilizatbn. 

(3) cDNA synthesis. 

RNA extracted from a plasma sample in (2) above was denatured by heating at 70°C for 1 minute and 
10 cooled on ice before synthesis of cDNA. cDNA was synthesized by reverse transcription. 100 pmot each of 
antisense primers #5, 6, 11, 12, 16, 17, 25, 35, 36 and 48 were added with 4 kinds of deoxyribonucleoside 
5'-triphosphates(Takara, Japan), 10 units of RNase Inhibitor (Takara, Japan) and 10 units of Reverse transcrip- 
tase AMV (Boehringer Mannheim, Germany), and Incubated at 42°C for 90 minutes in a buffer (containing 10 
jil of Tris chloride (50 mM, pH 8.4), 8 mM MgCI 2 , 30 mM KCI and 1 mM dithiothreitol) to synthesize cDNA cDNA 
15 thus obtained was purified by phenol/chloroform extraction. 

(4) Amplification by PCR. 

PCR was carried out using DNA Thermal Cycler (Perkin-Elmer Cetus) and DNA Amplification Reagent Kit 
20 (Perkin-Elmer Cetus) by the well-known method of Saiki et al. (1988). The reaction cycle of denaturalization 
(one minute at 94°C), annealing of primers (1.5 minutes at 55°C), and amplification of primers (3 minutes at 
72°C) was repeated 35 times. 

The PCR product was electrophoresed in a mixed agarose gel of 1-1.5% Nusieve and 1-1.5% Seakem 
(FMC) ( and, after staining with ethidium bromide, its bands were confirmed by ultraviolet radiation. 

25 

(5) Amplification by second-stage PCR. 

The product obtained by the first pair of primers (#32 and #36, for example) by PCR can be subjected to 
second-stage PCR if necessary. As primers for such PCR, a pair of primers of nucleotides for regions within 
30 those of the first pair of primers (#33 and #48, for example) were chosen and PCR reaction cycle was repeated 
30 times for 5 pi of the product obtained in the first-stage PCR. Reaction conditions for each cycle was 
denaturalization (1 minute at 94°C), annealing (1.5 minutes at 55°C), and amplification (2 minutes at 72°C). 
The product obtained in the second-stage PCR was electrophoresed and analyzed in the method described in 
(4) above. 

35 

Example 3 - Selection of pairs of primers effective for detection of NANB hepatitis virus by PCR. 

Results of PCR test with two pairs of primers for 1 0 samples determined positive for HCV antibody (plasma 
samples nos. 1 , 3, 5, 7 and 9 from Japanese blood donors and serum samples nos. 2, 4, 6, 8 and 1 0 from NANB 
40 hepatitis patients) are shown in Table 2. 

PCR amplification was tried for 10 target nucleotide sequence regions; 2 regions each from NS5, NS3, and 
E-NS1 and its upstream (NS=nonstructural region, E-NS1=nucteotide region bridging the envelope region and 
nonstructural region number 1) referred to in Chiron's European Application), 2 regions each from the core reg- 
ion and 5' noncoding region identified under this invention. 
45 As a result, when two pairs of primers from the 5' noncoding region (#32/#36 and #33/#48) and one pair 
of primers from the core region (#23/#25) were used, expected sizes of NANB cDNA bands (242 bp, 145 bp 
and 377 bp) for respective regions were detected. 

In the other 7 regions, however, only 2 to 9 out of 1 0 samples cold successfuDy be amplified, although the 
presence of RNA itself was confirmed in each sample. It was therefore concluded that pairs of primers #32fl*36 
so and #33/#48from the 5' noncoding region, and #23/#25 from the core region, were widely effective for detection 
of HCV RNA. Thus, selection of primers from NS5, NS3 and E-NS1 regions coding for the nonstructural protein 
of the virus are quite insignificant 

In some cases, single-stage PCR is sufficient for detection of NANB hepatitis viral RNA However, to enh- 
ance sensitivity, two-stage PCR is recommended. 
55 For example, samples which did not show the expected band of 242 bp when their cDNA was synthesized 
using #36 primer and amplified by PCR with primers #36 and #32 (first-stage PCR) were then subjected to the 
second-stage PCR using primers #33 and #48 and the first-stage PCR product as a template (second-stage 
PCR). If the 145 bp band does not occur after second-stage PCR then the sample did not contain viral RNA. 
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Example 4 

32 samples from chronic NANB hepatitis patients, 10 samples from chronic hepatite B patients, and 12 
samples from blood donors with normal ALT levels were tested for NANB hepatitis virus RNA by PCR. Results 
5 are shown in Table 3. 

Preliminary test of 32 samples from NANB hepatitis patients showed 20 samples positive and 12 samples 
negative for anti-HCV. All 10 samples from hepatitis B patients and 12 samples from blood donors with normal 
ALT levels were negative for anti-HCV. 

For the 20 samples out of the 32 total samples from NANB hepatitis patients which tested positive for anti- 
10 HC V, RNA was detected in 1 5 samples by the first-stage PCR and the remaining 5 by the second-stage PCR. 
Thus 100% of the samples (which tested positive for anti-HCV) tested positive by PCR. 

Out of the 1 2 samples from NANB hepatitis patients which tested negative for anti-HCV, 7 samples by the 
first-stage PCR and 4 samples by the second-stage PCR (or 92%) turned out to be positive for NANB hepatitis 
viral RNA. AD 10 hepatitis B cases and all 12 blood donor cases with normal ALT levels subjected to the test 
15 (so far as the second-stage PCR) were negative for the viral RNa. From these data, NANB hepatitis RNA detec- 
tion system using oligonucleotide as primers has proven its excellent performance, and its two-stage PCR sys- 
tem in particular has proven its superb performance both in sensitivity (more than 50% higher than anti-HCV 
and detecting as much as 96.9% of NANB hepatitis viral RNA) and specificity. 

20 (5) Sensitivity of the detection system for NANB hepatitis virus by cDNA/two-stage PCR. 

Sensitivity of NANB hepatitis virus detection system by cONA/two-stage PCR under this invention is des- 
cribed below. Results are shown in Table 4. 

10-fold serially diluted samples of plasma (having known infectious unit of 10 7 CID/ml) were prepared and 
25 tested 3 times. In the first-stage PCR, the expected band of 242 bp was confirmed for 100 CID/ml in two tests 
and as low as 10 CID/ml in the remaining one test 

In the second-stage PCR, the expected band of 145 bp was confirmed for 10 CID/ml in two tests and as 
low as 1 CID/ml In one test No band was detected for concentrations less than 1 CID/ml or for negative samples. 

Average titer of NANB hepatitis patients is estimated to be 1 0 2 - 4 and the described detection system is con- 
30 sidered to give clinically significant sensitivity for diagnosis of NANB hepatitis patients. 

The present Invention thus provides a highly sensitive and specific detection system for NANB hepatitis 
virus. Accordingly, this invention will become instrumental in accurate diagnosis of hepatitis patients and 
screening of donor blood for prevention of posttransfusion hepatitis. 

The present invention also concerns a nucleotide sequence of NANB which contains at least a portion of 
35 the bases 1-1863 described above. The sequence is constituted of a plurality of nucleotides and contains at 
least one primer as shown in table 1. In addition, the sequence is terminated at least at one end with a primer 
as shown in table 1 . 

The present invention further concerns a method of detecting non-A, non-B hepatitis virus comprising: 
(1) synthesizing cDNA from viral RNA; 
40 (2) amplifying said cDNA by PCR in first stage to produce a product; 
(3) amplifying the product by PCR in a second stage. 
The amplifying is carried out by using at least one oligonucleotide primer according to claim 8. The primer in 
step (1) may be a pair of primers and the primer in step (2) may be a pair of primers from a region within the 
pair of primers in step (1). The pair of primers in step (1) may be primers #32 and #48 in table I and the pair of 
45 prtners in step (2) may be primers #33 and #48 in table 1 . The pairs of primers #32/#36, #33/48, and #23/#25 
in table 1. 

The present invention also concerns diagnostic test kits for detection NANB in biological samples, including 
for example blood and serum samples. The test kit includes (1) at least one primer derived from the nucleotide 
sequence disclosed above, (2) dATP, dTTP, dGTP, and dCTP; and (3) heat stable DNA polymerase. Kits suit- 
50 able for diagnosis and NANB and containing the appropriate reagents are constructed by packaging the approp- 
riate materials, including the primer In suitable containers, along with the remaining reagents and materials 
required, as well as a suitable set of instructions for conducting the test. 

Further variations and modifications of the invention will become apparent to those skilled in the art from 
the foregoing and are intended to be encompassed by the claims appended hereto. 
55 Japanese Patent Application No. Heisei 2 Nen 153402, filed on June 12, 1990, is relied on and incorporated 
by reference. 
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126- 


•145 


AAAC CTTGCGGTATTGTGCC 


#4 


153— 


■172 


AGTGTGTGTGGTCCGGTATA 


#5 


268- 


■287 


CGGTGGCCTGGTATTG.TTAA 


#6 


303- 


■322 


GAGTTCATCCAGGTACAACC 


#9 
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AGATGGCTTTGTACG ACGTG 
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T C C AATACTC AC C AG GAC AG 
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AACACTACTCGGCTAGC AGT 
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GTTGATCCAAGAAAGGACCC 
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Claims 

1. A nucleotide sequence of non-A, non-B hepatitis virus comprising [bases 1-1863], 

The nucleotide sequence of non-A, non-B hepatitis virus according to claim 1 f comprising [bases 1-1672], 
The nucleotide sequence of non-A non-B hepatitis virus according to claim 1, comprising [bases 1-324], 



The nucleotide sequen ce of non-A non-B hepatitis virus according to claim 3, wherein the 1 87th nucleotide 
A is replaced by C, the 217th nucleotide C is replaced by T, and the 226th nucleotide A is replaced by G. 

5. The nucleotide sequence of non-A, non-B hepatitis virus according to claim 1, comprising [bases 325- 
1863], 

6. The nucleotide sequence of non-A non-B hepatitis virus according to claim 1 , comprising [bases 326-864], 

7. The nucleotide sequence of non-A, non-B hepatitus virus according to claim 1, comprising [bases 865- 
1476]. 

8. An oligonucleotide primer derived from the nucleotide sequence of non-A, non-B hepatitis virus according 
to claim 1. 

9. The oligonucleotide primer according to claim 8, wherein said primer contains from 15 to 25 nucleotides, 

10. The oligonucleotide primer according to claim 9, wherein said primer contains 20 nucleotides. 

11. The oligonucleotide primer according to claim 8, wherein said primer comprises primer #23 in table 1. 

20 
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12. The oligonucleotide primer according to claim 6 V wherein said primer comprises primer #25 in table 1 . 

13. The oligonucleotide primer according to claim 6, wherein said primer comprises primer #32 in table 1 . 

14. The oligonucleotide primer according to claim 8, wherein said primer comprises primer #33 in table 1 . 

15. The oligonucleotide primer according to claim 8, wherein said primer comprises primer #36 In table 1 . 

16. The oligonucleotide primer according to claim 8, wherein said primer comprises primer #48 In table 1. 

17. An oligonucleotide primer derived from the nucleotide sequence of non-A, non-8 hepatitis virus according 
to claim 3. 

18. An oligonucleotide primer derived from the nucleotide sequence of non-A t non-B hepatitis virus according 
15 to claim 7. 

19. A method of detecting non-A, non-B hepatitis virus comprising synthesizing of cDNA from viral RNA and 
amplifying said cDIMA by PCR using at least one oligonucleotide primer according to claim 8. 

20 20. The method according to claim 19, wherein said oligonucleotide primer is selected from the group con- 
sisting of: primer #23 in table 1, Primer #25 in table 1, primer #32 in table 1 , primer #33 in table 1, primer 
#36 in table 1, and primer #48 in table 1. 

21. The method according to claim 20, wherein said oligonucleotide primers consists of primer #32 in table 1 
25 and primer #36 in table 1 . 

22. The method according to claim 20, wherein said oligonucleotide primers consists of primer #33 in table 1 
and primer #48 in table 1. 

30 23. The method according to claim 20, wherein said oligonucleotide primers consists of primer #23 In table 1 
and primer #25 in table 1. 

24. An oligonucleotide primer derived from the nucleotide sequence of non-A, non-B hepatitis virus according 
to claim 6. 

35 

25. A test kit for diagnosing non-A, non-B hepatitis or for detecting non-A, non-B hepatitis virus, said kit com- 
prising: 

1) at least one primer according to claim 8; 

2) dATP, dTTP, dGTP, and dCTP; and 
40 3) heat stable DNA polymerase. 

26. A nucleotide sequence of non-A, non-B hepatitis virus comprising at least a portion of the bases 1-1663, 
said sequence being constituted of a plurality of nucleotides and containing at least one primer as shown 
in table 1. 

45 

27. A nucleotide sequence of non-A, non-B hepatitis virus comprising at least a portion of the bases 1-1863, 
said sequence being constituted of a plurality of nucleotides and terminated at least at one end with a 
primer as shown in table 1. 

50 28. A method of detecting non-A, non-B hepatitis virus comprising: 
(a) synthesizing cDNA from viral RNA; 

(2) amplifying said cDNA by PCR In a first stage to produce a product; 

(3) amplifying said product by PCR in a second stage; said amplifying being carried out by using at least 
one oligonucleotide primer according to claim 8. 



56 



29. The method according to claim 28, wherein said primer in step (1) is a pair of primers and said primer in 
step (2) is a pair of primers, wherein said pair of primers in step (2) are from a region within the pair of 
primers in step(1). 

21 
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30. The method according to claim 29, wherein said pair of primers in step (1) are primers #32 and #48 in 
table 1 and said pair of primers in step (2) are primers #33 and #48 in table 1. 

31. The method according to claim 28 t wherein said pairs of primers are selected from pairs of primers 
#32/#36, #33/#48, and #23/#25 in table 1. 
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